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Validation

For cryo-ET, 183 tomograms (182 tomograms from mouse sperm cells, 1 tomograms from human sperm cells) were collected in this study. 31
tomograms (30 tomograms for mouse, 1 for human) were chosen for sub-tomogram average because of the practical limitations of the
methodology used and the distribution of structure studied. For immunoblotting and immunocytochemistry analysis, n=3 was chosen as the
minimal biological and technical replicate number. For 4D-flagellar waveform analysis and swimming pattern, n=15 per group of 3 animals was
chosen as the replicate number. Several million sperm cells per group were used for making grids, coverslips, lysate and imaging. We
determined this to be sufficient owing to internal control and low observed variability.

For cryo-ET, some tomograms were excluded for sub-tomogram average (see in Sample size) because of the practical limitations of the
methodology used and the distribution of structure studied. For other data, there is no exclusion from analysis.

For cryo-ET, immunocytochemistry, 4D-flagellar waveform and swimming pattern analysis, data was collected on different individual sperm
samples from at least 3 mice. For immunoblotting, samples are made from at least 3 mice and tested individually. Each data point can
therefore be considered as a biological replicate. All replication attempts were successful through the study.

Sperm individuals were randomly chosen among each genotype population. For cryo-ET, immunocytochemistry, 4D-flagellar waveform and
swimming pattern analysis, data collection were selected at random without bias toward sample location on girds or coverslips, size or fields
under the microscope when applicable. For immunoblotting, millions of sperm was randomly collected from the suspension then was lysed
for gel running.

The persons performing sample preparation and EM imaging were unaware of the sample identity. A subset of the data sets has been

analyzed in a double-blind approach, resulting in the same distributions as in the non-blinded analysis. All localization data have been

documented and are available upon reasonable request.

Anti-CATSPER1, EFCAB9, C2CD6, SLCO6C1 antibodies are homemade either in Chung lab or previously in Clapham lab. Other
antibodies are from commercial sources: TRIM69 (Origene, AP31866PU-N), acetylated tubulin (Sigma, T7451, 0000128058), HA (Cell
Signaling Technology, clone 6E2, 2367S), anti-rabbit IgG-HRP (Jackson ImmunoResearch, Code: 115-035-144), anti-goat IgG-HRP
(Jackson ImmunoResearch, Code: 705-035-003), and anti-mouse IgG-HRP (Jackson ImmunoResearch, Code: 115-035-146)

The specificities of homemade CATSPER1, EFCAB9, C2CD6 antibodies were knockout validated (the absence of the signal in knockout
animals). from our previous work. Slco6c1 antibody and TRIM69 was validated by peptide absorption in native sample and co-
detection of the tagged recombinant protein by the antibody or anti-tag in immunoblotting and inmmunocytochemistry from this
manuscript (Suppl fig. 2). Other commercial antibodies (acetylated tubulin and HA) were validated in the manufacturer's website.




